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(57) Abstract 

This invention relates to the measurement of the 
temperature and/or mass flow rate of a free falling 
molten stream of material. Previous techniques have 
not recognized the effects temperature variations of the 
molten stream of material have on the measurement of 
the above flow properties. The present invention uti- 
lizes a line scan camera (24) having photodiodes dis- 
posed in a predetermined array to measure the tempe- 
rature and mass flow rate of a moving mass of molten 
material (22). Tnis is accomplished in the present inven- 
tion by limiting the maximum voltage (26) generated 
by any one photodiode exposed to light energy of a mass 
by varying the scan rate and thus the exposure time of 
the photodiodes in response to a variance in the light 
intensity and thus the temperature of the molten mass 
of material. 
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METHOD AND APPARATUS FOR MEASURING FLOW OlARACTERISTICS 
OF A MOVING FLUID STREAM 

Technical Field 

This invention relates to the accurate estimation of certain 
flow parameters of a roving fluid stream. In particular, the present, 
invention relates to a method and apparatus for determining the 
5 temperature and mass flow rate of a free falling molten stream of 
fluid. Still more particularly the instant invention relates to the 
non-invasive measurement of the temperature and pour rate of molten 
material falling by means of gravity from a melting furnace. 

Background of the Prior Art 

10 In conventional manufacturing processes for the production 

of a ri nal product frcm a molten material such as a metal, refractory 
or a glass, a malter such as a gas or electric furnace or a bushing 
is utilized. In order to maintain a proper product quality it is 
important to measure the temperature and/ or mass flew rate or pour 

15 rate of the molten material emanating frcm the furnace. 

Heretofore, the monitoring of these flow properties of a 
freely falling stream of molten material has been plagued with 
problems. Far example, when measuring temperature, placing a contact 
temperature sensing device such as a thermocouple into the s-cream 

20 alters the flew of the material and may be rapidly eroded by a moving 
corrosive mass. When the moving mass is a solid object placing a 
device such as a thermocouple in contact witLn the moving mass results 
in rapid abrasive wear. Present non- invasive temperature sensing means 
such as cctical oyrcmerters fail to provide any measurement of mass 

25 flew rates . 

A so-called "catch bucket" cr "ladle" method has been 
utilized zo estimate mass flow rates. By this method a stream of 
molten material flowing frcm an ever-head furnace is temporarily 
interrupted by inserting a ladle or a catch bucket of a known weight 
30 into the stream for a predetermined time period. The rrass of the 
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matarial that is accumulated during this period is then weighed and 
rhe rrass per unit time calculated. This in formation may be 'utilized 
zo effect a manual adjustment of the temperature of the furnace so 
that a desired mass flew rate may be obtained, 
5 Although the "ladle" method of determining the pour rate 

of a furnace may have been appropriate for the manufacturing processes 
of the past/ it suffers from a number of drawbacks . First, this method 
necessitates that the molten stream be intercepted thereby interrupting 
the flow rate of the stream and the continuity of any subsequent 
10 manufacturing steps. Secondly, the "ladle" method does not provide 
a continuous flew of data indicative of the mass flew rate of the 
furnace. Consequently, the "ladle" method provides representative 
data that is insufficient for a closed loop automated control of the 
furnace . 

15 One prior art technique which provides a non- invasive method 

and apparatus for estimating the mass flew rate of a free ly fal ling 
fluid stream frcm furnaces is disclosed in U.S. Patent £sfc>. 4,090,241, 
v issued May 16, 1978 to R. L. Houston. Bouston uses an unmodified line 
scan camera to measure stream diameters of a molten glass stream at 

20 a plurality of locations. After the stream diameters are measured, 
a mass flew rate, proportional to the square of the measured widths 
is calculated. 

It is unlikely that such a system would produce repeatible 
results due to several problems. These problems are: (1) fluctuations 
25 in brightness of the molten stream due to temperature variations across 
the width of the stream and with time; (2) edge effects surrounding 
the molten stream; (3) limitations in focusing the lens; (4) fringing 
effects within the camera itself and (5) smoke and ether spurious 
images . 

30 An additional problem in previous usage of an unmodified 

line scan camera which magnifies the problems , noted above , is that 
photodiodes within the camera, used to measure width, are usually 
"saturated", i.e., the diodes have been used near the upper limit where 
the cxreput of a dicce ceases to respond linearly to increases in the 

35 brightness or light intensity of the light sensed. This resulted frcm 
ztvB rscarmsnded practice of insuring that sufficient light from- the 
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rrolten stream enters the camera and because the problems outlined above 
were not. recognized. 

Unfortunately, the cumulative effect of these problem 
phenomena precludes an accurate and repeat ible determination of the 
5 fluid stream width. Inasmuch as a width is usually measured in a line 
scan camera by counting the number of diodes which register a 
predetermined voltage , it is essential that the correct number of 
diodes be counted. The usuage of present unmodif ied c ameras , without 
taking into account the problems alluded to above ensures that too 

10 many photcdiodes register this voltage. 

Consequently, the system disclosed by Houston is incapable 
of correctly ascertaining the mass flew rate of a stream of molten 
material.. additionally, the system of Houston does not measure the 
temperature of the molten stream emanating from the furnace. 

15 Srief Summary of the Invention 

The present invention provides a method of estimating the 
temperature and mass flow rate of a free falling molten stream of 
material frcm an overhead furnace, in which a plurality of sensors 
are arranged in a predetermined array. The sensors are exposed to 

20 energy emanating frcm the molten stream and have an output proportional 
to energy sensed by the sensors. The output of the sensors is measured 
at timed intervals and compared with a first value. In response to 
the acmparison, the time intervals are varied to ensure that the 
maximum output of any cne sensor is measured at a magnitude which is 

25 substantia 1 1 y equal to the first value. A count indicative of the 
number of sensor outputs above a second value is obtained and the 
magnitude of the flew properties of the molten stream is generated 
using the count: and the time interval. 

The instant invention also provides an apparatus or a system 

30 for estimating the temperature and/or mass flew rate of the freely 
falling molten stream of material frcm an overhead furnace comprising 
a plurality of sensors arranged in a predetermined array wherein the 
sensors are exposed to the sr^ream and have an output proportional to 
sensed energy emanating from the stream. A means for measuring the 

35 output of the sensors at timed intervals sends its output to a means 
for comparing -he CMtput of each sensor to a first value. The cutout 
cf the comparison means is transmitted to a means for varying the time 
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intervals in response to the output: of the comparison means to ensure 
that, the maximum output of any cne sensor is measured at a magnitude 
'which is substantially equal to the first value. Means are provided 
for obtai n i n g a count indicative of the ntxnber of sensor outputs above 
5 a second value, Means are also provided for calculating the rrscnitude 
of a flew property of the molten stream of material using the sensor 
count. Finally, means are provided for generating the magnitude of 
another flow property using the output of the varying means. 

Brief Description of the Drawings 
10 FIG. 1 demonstrates the output of a photodicde plotted 

against sensed light intensity of a light source. 

FIG- 2 shows the effect of light intensity cn the measured 
width of a light source. 

FIGS. 3 A, 33, 3C and 3D illustrate the effect of temperature 
15 on the measured width of a molten fluid stream having a fixed width. 

FIG. 4 is a block diagram of the present invention. 
FIG. 5 shows a correlation of the scan* control voltage versus 
stream temperature as measured by a conventional temperature sensor. 

FIG. 6 is a schematic wiring diagram of the scan rate control 
20 circuitry of the present invention. 

Detailed Description of the Invention 
A conventional line scan camera, such as a Reticon LC 600 
U 1024 Line Scan Camera, sold by the Reticon Corporation, Sunnyvale, 
CA, uses a lens to focus energy or light from an energy or light 
25 emitting "target" or a light source onto a plurality of sensors or 
photodiodes which are arranged in a predetermined array. T When exposed 
to the light emanating frcm the targeted light source, a photodiode 
will generate a voltage that is proportional to the intensity of the 
sensed light and to the length of time the diode is exposed to the 
30 light of the target, i.e., the exposure time. As the light intensity 
of the target and exposure time increases, the voltage produced bv 
the -diode increases . 

Periodically (at a fixed time interval or scan rate) a 
scanning mechanism in the camera sequentially " reads " the voltage 
35 generated by each photodiode. The voltage frcm each dicde r^ay be 
further processed in a conventional manner and disoiayed either 
visually on a cathode ray tube (CPT) or printed. The voltage output 
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of each diode may be used to obtain an indication of the width of the 
light source, as in Houston, referenced above. However, the results 
of the use of a conventional unmodified Line scan camera to determine 
the mass flew rate of a free felling molten stream of material have 
5 not been satisfactory to date as was alluded to above and as will be 
explained presently in greater detail. 

FIG. 1 illustrates the relationship between the voltage 
generated by a photodiode (v^) and the intensity (L) of light frcm 
a target or a light source. As can be seen, there is a linear 

10 relationship between v^ and L up to a certain voltage (v s ) which 
is defined as the "saturation voltage". T ^Jhen a photodiode approaches 
saturation, the output generated by the photodiode tends to respond 
non- linearly relative to an increase in L. Typically, the photodiodes 
in a conventional line scan camera are saturated in order to insure 

15 that enough Light can be sensed by the photodiodes. As will be seen, 
the fact that the photodiodes are saturated amplifies certain problems 
associated with measuring the width and thus the mass flow rate of 
a moving mass of material such as a free felling molten stream or 
material . 

20 As was alluded to above, the existence of several phenomena 

prevent an unmodified conventional line scan camera, operating near 
the saturation point of the photodiodes within the camera, frcm 
accurately estimating the width of a light source or a free falling 
stream of molten material. These phenomena are: (1) fluctuations 

25 in brightness of the molten stream; (2) stream edge effects; (3) camera 
lens focusing limitations; (4) camera internal fringing effects and 
(5) smoke and other spurious images. 

The stream of molten material , falling by means of gravity 
frcm an overhead source of the molten material, is incandescent. 

30 Hence, it emits energy in the form of light. The light image of the 
stream comprises visible and infrared light which is not uniform across 
the width of the molten stream. Additionally, the temperature and 
thus the light intensity of the molten stream varies with timeas the 
operating conditions of the source changes . Even though the 

35 temperature of the molten material may change, the width of the stream 
may not change. The non- uniform tamoe rat lire and Light intensitv 
distribution across the width of a molten stream occurs because the 




WO 81/02466 



PCT/US81/00154 



-6- 

exterior of the stream is more rapidly cooled by the ambient 
environment than the stream interior. Hence, the center of the stream 
appears to be hotter than the stream exterior. In conjunction with 
this, light emanating radially frctn the molten stream causes the image 
5 of the light intensity of the stream to appear rounded thereby 
decreasing the apparent width of the stream and altering the stream 
image to such an extent that the boundaries of the molten stream image 
do not appear vertical. 

The image of the molten stream is further degraded by 

10 focusing limitations of the lens of most cameras* While line scan 
cameras are sensitive to both the visible and infrared light emanating 
fran the target light source, i.e., the molten stream of material, 
a normal lens does not focus both of these light wave lengths in the 
same manner* Therefore, the lens of the camera causes either the 

15 infrared or the visible light to be out of focus on the photodiodes 
resulting in a further degradation of the sensed image. Most ojtmm 
lens filters are ineffective since they becone transparent at infrared 
wave lengths. A filter that may protect the camera frcm infrared light 
still does not provide information necessary to determine whether the 

20 image of the stream appears rounded because of edge effects or 
limitations in the lens of the camera. 

Fringing effects within a line scan camera also degrade the 
image of the light source to be measured. Oncoming light entering 
a line scan camera is reflected not only by the photodiodes measuring 

25 the light intensity of the light source or molten stream but by other 
structure present within the camera. With this scattering of light 
°r fringing , an inaccurate light intensity reading nay be recorded 
by a photodicde. 

Vapors or smoke produced by the molten stream of rrarerial 

30 tend to diffuse light emanating frcm the molten material. While smYja 
is more of a problem with molten class materials as ccrrtcarad to other 
materials such as molten refractory materials, it is still a source 
of image degradation which rust be recognized and accounted for in 
the measurement process. Finally, ether spurious images such as random 

35 reflections and ambient: lights also contribute in a minor wav to the 
degradation of ^he measured image cf the molten stream. 
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All of these phenomena are affected to a greater or lesser 
degree by the temperature of the molten stream of material . Thus the 
net effect is that when the stream temperature varies the number of 
photodiodes activated increases beyond the true number of photodiodes 
5 that should be activated. Therefore, the camera cannot and does not 
measure the true width of a molten stream of material. IXiring recent 
tests twice the number of phot odiodes in an unmodified line scan camera 
were activated canroared to the number of photodiodes activated by a 
line scan camera modified in accordance with the principles of the 

10 present invention. 

An experiment was conducted to confirm the theory that the 
temperature of the stream affects the degradation of a measurement 
of the stream width by a line scan camera and thus its ability to 
measure that width. FIG. 2 illustrates the results of this 

15 experiment* In the experiment , a 100- watt light bulb was used as a 
light source representing the molten stream. Since in practice the 
rrolten stream will - vary in temperature and thus in light intensity, 
the light, intensity of the bulb was varied by increasing the voltage 
on the light bulb. The "width" of the light bulb was defined by 

20 separating two steel plates by an arbitrary but fixed distance. The 
light bulb was disposed on one side of the plates behind the defined 
separation and an unm odified line scan camera was disposed on the ether 
side of the plates and focused cn the light bulb. As curve A of FIG. 2 
shows, when the voltage cn the light bulb increased and thus its Light 

25 intensity, the measured width ("width squared") increased for an 
unmodified line scan camera having a fixed scan rate despite the fact 
that the actual image width of the light bulb was fixed by the s-~eel 
plates- Curve 3 in FIG. 2 illustrates the measured width of a light 
bulb using a modified line scan camera as in the present invention. 

30 The correct width of the light bulb as shown in curve 3 can be measured 
by a presently modified line scan camera despite great chances in light: 
intensity ( temperature ) of the light source (molten stream). 

Saturating the chotodiodes of an unmodified line scan camera 
can conceal the effects temperature has cn the measurement of the width 

35 of a molten stream using that line scan camera. FIGS- 3A, 33, 3C and 
3D illustrate this problem. These Figures shew diode voltage readings 
versus a length; in these cases stream width for a lew tamoerature 
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stream (FIGS. 3A and 3C) and a high temperature stream (FIGS- 3B and 
3D) . In all instances, it is presumed that the stream is round and 
is of a constant diameter and that the width of the stream is -easured 
at a constant -voltage, i.e., v^. The voltage v m was chosen in 
5 practice as approximately 1/2 the saturation voltage because it allowed 
a good area of resolution. FIGS. 3A and 3B represent the data 
obtainable fran a conventional line scan camera where the diodes are 
saturated at a fixed voltage limit, e.g., 5 volts. FIGS. 3C and 3D 
represent the data obtainable from a camera which has no voltage 

10 limitations an the diodes. 

Ccmparing the figures, it can be seen that as temperature 
increases, the width measured increases (i.e., w mQ to w m ) in 
contrast to what should be measured, i.e. the true width (w*J . The 
upper portion of the image is concealed in FIGS. 3A and 33 due to 

15 saturation of the diodes , while in FIGS . 3C and 3D the fall extent 
of the problem may be ascertained. 

In FIG. 3C the "true width" , w t , is hidden by the 
temperature effects of the molten stream which are represented by the 
shaded secrtions of the curve . As the molten stream temperature 

20 increases, as in FIG. 3D, these effects also increase as seen by the 
increased area of the shaded section of the curve. In fact, FIG. 3C 
and 3D graphically illustrate that the effects of temperature are 
magnified more greatly in a line scan camera having a fixed voltage 
level and operated at the saturation point of its diodes. 

25 FIGS . 3A, 3B , 3C and 3D represent the temperature effects 

on a typical line scan camera having a fixed scan rate. The present 
invention proposes to scale the image of the stream to a fixed light 
intensity (i.e., "normalize" the stream image) and measure the width 
of the stream image at an arbitrary but fixed voltage level by varying 

30 the scan rate of the camera and thus the exposure time of the dicdes . 
" Usually the fixed voltage level or first value is about 80-90% of the 
saturation voltage of the selected line scan camera. While the width 
cf a normalized stream image measured as in the present invention does 
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not reflect a true width because of the problems mentioned earlier, 
the width is in error by a constant and can be accounted fbr by 
calibration of the present system. 

The present invention nay be construed as constituting an 

^ au ' tc l[T ) a tic Ji?i5: ^ntrol for a conventional line scan camera. The 

present invention should not, however, be understood as being 
. restricted or limited for use with line scan cameras . The invention 
will work equally as well as an automatic gain control for any camera 
having a multitude of sensors arranged in a predetermined array or 
10 a matrix. 

FIG. 4 generally illustrates the operation of the present 
invention with respect to an electric furnace. Bcwever , the present 
invention should be considered as being useful in determining the 
temperature and/ or mass flow rate of any roving mass which is emanating 

15 frcm the source of that mass. 

Although the source of the mass is shown in FIG. 4 as a 
furnace 10, the source could be any container, including, e.g., a 
bushing used to filamentize molten material. The furnace 10, which 
could be heated by gas or electricity, is shewn, in the preferred 

20 embodiment, as an electric furnace and is used as a source of a mass 
of molten material 12. The furnace 10 which is of a conventional 
design, ray have a metal lining 14 such as a platinum/ rhedium alloy 
and may be heated by its cwn resistance by passing a current through 
a plurality of lugs 16 which axe conductively connected to the lining 

25 14. A thermal insulation layer 13 may surround the metal lining 14. 
Any material capable of being melted may be melted in the furnace 10 
or the furnace 10 can be 'used to further heat or reheat the previously 
melted material. 

•Molten material fed out of the furnace through an cutlet 

30 orifice 20, controllable by any conventional means, not shown, falls 
by gravity as a freely falling stream 22. It is usually desirable 
co control the temperature of the stream 22 by adjusting the amount 
of current fed zo the lugs 16. Additionally, the mass flew rate or 
pour rate of the furnace 10 may be controlled bv varyina the 

35 temperature of the molten material 12 or bv afjustinc ^he cutlet 
orifice 20. To accomplish this for a closed loop control system, it 
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is necessary to continuously measure the temperature and/or mass flow 
rate of the stream 22. 

This is acccxnplished in the present invention by fixedly 
positioning a conventional line scan camera 24 proximate the stream 
5 22 so that at least some of the sensors or photodiodes ( not shewn) 
of the camera are exposed to the temperature or light intensity of 
the light emanating frcm the stream 22. The line scan camera 24 is 
positioned to take advantage of the most effective use of the 
photodiodes of the camera . After the scanning mechanism ( not shewn) 

10 of the camera has measured the voltages 26 p roduced cn the photodiodes 
exposed to the light intensity of the stream 22, a light level 
ccmparator 28 found in conventional line scan cameras determines 
whether any of the diodes has produced an output voltage above an 
arbitrary but fixed voltage level or a first value, i.e.*, v^. 

15 Usually the light level comparator of an unmodified line scan camera 
is used to check for an adequate amount of light for accurate 
readings. However, in the present invention, the light level 
ccmparator is used to compare the voltages of the photodiodes with 
the arbitrary but fixed voltage level. This level is selected to be 

20 above the noise contributed by the effects noted above, but below the 
voltage level at which the diodes are saturated. A stable voltage 
level has been found to be SO to 90 percent of the saturation level 
of the phcrtodiodes of a chosen line scan camera. 

After the light level ccmparator 29 has compared the voltages 

25 read cn the diodes by the scanning mechanism to the predetermined 
voltage level, v^, its output 30 is further processed by a signal 
conditioner 32 which ensures that a suitable wave form output 34 is 
passed to an errcr integrator 36. 

The error integrator 36 ramps the output voltage 34 up or 

30 down depending cn the voltage 34 of the signal conditioner 32 . The 
integrator 36 sends an increasing or decreasing voltage output 38 to 
a voltage control oscillator means 40. The oscillator means 40 sends 
a scan start pulse 42 to the camera, i.e., to the external scan 
starting means 48 of the camera, to cause the scanning mechanism of 

35 the camera to begin reading the vol -ages on the photodiodes. The pulse 
42 is given a phase correction by a means 44 which has outputs 46 or 
46 ' that are sent, to the means 48 . A deck 50 , forming a part of the 
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camera 24 feeds a series of voltage pulses 52 to the external scan 
starting means 48 to cause the photodiodes zo be measured by the earners 
scanning mechanism when the means 48 receives a £hase corrected signal 
46 or 46 ' . If the line scan camera chosen does not have provisions 
5 for an external scan starting means or provisions for externally 
modifying the scan rate of the camera, then the camera chosen should 
be adapted to incorporate this feature. 

The output voltage 38 of the error integrator 36 may be 
further processed by obtaining an output 54 and correlated by a means 

10 56 to the temperature of the stream 22 being measured by the line scan 
camera 24. Optionally, a peak temperature display means 60 may use 
the output 58 of the tarcerature correlation means 56 to display the 
maximum temperature of the stream 22. 

The temperature correlation means 56 may be a conputer which 

15 correlates the voltage 54 to a known voltage-temperature curve such 
as the one shewn in FIG. 5. The data reflected in FIG. 5 was obtained 
by correlating the voltage 54 (i.e., voltage 38) to the temperature 
recorded by a conventional temperature sensor, such as an optical 
pyrometer. Means 56 can also be a volt meter read by an operator who 

20 correlates the voltage reading to data ccmparabie to that illustrated 
in FIG. 5. Additionally, the voltage 54 can be run to an analog meter 
calibrated in terms of temperature units. The calibration would be 
based cn the type of data reflected in FIG. 5. 

Mass flew rate measurements may be made by obtaining a signed 

25 64 equivalent to the voltages 26 and transmitting it to a comparing 
means 66. The output of each diode is compared by means 66 to a second 
value, ^ crder to insure that the cutout of each dicde to be 

counted is above a certajLn value. The output of the comparing means 
66 , i.e., signal 68 , is read by a counting means 70 which counts the 

30 number of diodes having an cutput above -v^. A mass ' flew rate 
calculation means 74 computes or generates the mass flow rare based 
on the number of diodes and sends a signal 76 to a display 79 which 
may visually display the mass flew rate or may print this information 
in hard form. 

35 ?ef erring new to FIG. 6, the scan control circuitry of the 

present invention is illustrated and ccmorises the sicnal conditioner 
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32 , the error integrator 36, the voltage control oscillator 40 and 
the phase correction neans 44. 

As illustrated, the signal conditioner 32 ccrnprises an 
invertor 30 which is connected in series to the output 30 of the light 
5 level conparator 23. The output 34 of the invertor 30 is connected 
to the error integrator 36 which ccrnprises a plurality of resistors 
34, 36 and 38, an operational amplifier 90, having an input 92, and 
a capacitor 94. The resistor 34 is connected in series with the 
operational amplifier 90 as is the resistor 36 and the resistor 33. 
10 The capacitor 94 is connected in parallel with the operational 
amplifier 73. 

The voltage output 38 of the error integrator 36 is connected 
to the voltage control oscillator means 40 which ccrnprises a resistor 
96 connected in series with a voltage control oscillator 98, while 

15 a resistor 100 and a capacitor 102 is connected in parallel to the 
oscillator 93. The voltage output 42 of the oscillator neans 40 is 
connected in series to the phase correction means 44. 

The phase correction means 44 ccrrprises a pair of series 
connected inverters 104 and 106 which are provided with* the outputs 

20 46 , 46', respectively. The chase correction means 44 provides a 
synchronized starting pulse 46 or 46 1 which is fed to the external 
scan starting means 43 of the camera 24. The pulse 46 or the pulse 
46 ' is necessary in order to have a differencial signal which is useful 
for noise inrnunity. 

25 In operation, when any photodioce exceeds the predetermined 

voltage level, v 7 , e.g., 4 volts, as determined bv the ccmoarator 
23, the output voltage 30 increases. This increased voltage causes 
the output voltage 34 to decrease to a lev value, e.g., 0 volts. Wnen 
the output voltage 34 is zero, a slight negative voltaae will arroear 

30 at the input 92 of the operational amplifier 90 created by resistor 
83. The value of the resistors 34, 36, 38 and the capacitor 94 are 
chosen to cause the voltage output 33 of the amplifier 90 to increase 
at a certain rate per second (volts per second). 

If the output voltage of all the photodicdes is be lew the 

35 predetermined value, v 1 , as determined by the comparator 23, the 
comparator 23 generates a lew output 30 which is transmitted' to the 
inverter 30. In response to a low voltage at 30, the invertor 30 
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produces a relatively high voltage represented by the signal 34 forcing 
the input 92 to amplifier 90 to be ' positive. The resistors 34, 38 
and the amplifier- 90 force the output voltage 33 to go down at a 
certain voltage per second, 
5 The cutsur. voltage 38 of the error integrator 36 is used 

to charge the capacitor 102 through the resistors 96 and 100 of the 
voltage control oscillator means 40. The higher the value of the 
output voltage 3S f the more rapidly the capacitor 102 is charged. 
When the capacitor 102 reaches a preset voltage which is equivalent 

10 to a voltage internal to the oscillator 98, the caoacitor 102 
discharges its charge through the resistor 100 and causes the 
oscillator 98 to generate a voltage pulse at 42. 

The pulse 42 is further processed by the invertors 104 and 
106 to insure that! the pulse 42 is transmitted to the camera 24 via 

15 46 or 46 ' at the pro per phase by the inverters 104 or 106 . 

The faster that the capacitor 102 is charged, the more 
rapidly the scan start voltage pulse 42 is generated by the oscillator 
98. Therefore, as the voltage cn the operational amplifier 90 
increases due to the increased light emanating from the stream 22, 

20 the charging rate in the capacitor 102 also increases. The increased 
light or temperature of the stream consequently causes the scanning 
rate of the camera to increase , thereby "normalizing" the image of 
the stream 22. 

For a normalized stream image, the scanning rate of the 
25 camera will be substantially constant. However, as the light intensity 
of a cooling molten stream decreases, the capacitor 102 will not be 
charged as rapidly by the error integrator 36, i.e., the output voltage 
33 will be decreasing at a certain rate. As a result, the oscillator 
93 will decrease the frequency of the scanning start pulse 42 and the 
30 scan rate of the camera 24 will decrease, thereby allowing the 
photodiodes of the camera to be exposed for a greater length of time 
to the intensity of the light emanating from the stream 22. 

If there is insufficient light in the ca~ara to activate 
the comparator 23, the cutout 33 of the amplifier 9-0 is slowly ramced 
35 down by the resistor 36. This decreasing output 33 is fed to the 
voltage control oscillator 93 via the capacitor 102 which concomitantly 
•causes the frequency of the synchronized starting culje 46 or 46' to 
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be reduced. This reduction of the frequency of the scan rate allows 
a greater exposure time for the photodicdes of the camera. This 
process is continued until the exposure of the dicdes is adequate to 
activate the comparator 23 • When the comparator 28 is initially 
5 activated, the voltage output 38 of the amplifier 90 of the error 
integrator 36 is ramped up to increase the scanning frequency. 

The process of raising and lowering the scanning frequency 
in relation to the temperature or light intensity variances of the 
stream 22 may occur at a relatively slow rate. This rate of change 

10 is controlled by the characteristics of the voltage control oscillator 
98 and by a time constant which is a function of the values of the 
resistors 84, 86 and the capacitor 94. Consequently, the voltages 
on the diodes are oscillating slowly above and be lew the predetermined 
voltage level v^ that is used by the ccmparator 28 as the standard 

15 against which the voltage on each diode is judged. However, this 
variation is relatively small and does not materially affect the 
accuracy of the camera system. 

The average voltage 38 going to the oscillator 98 is adequate 
to normalize the light intensity of the image to the stream 22 and 

20 can be correlated, using the equivalent voltage 54, to the brightness 
of the stream 22. Since the brightness of the stream is a function 
of its temperature, the signal 54 can be correlated by the conventional 
means 56 to the temperature of the stream. In the preferred errfooiiment 
to the present invention, the voltage 54, which is equivalent to the 

25 voltage 38 which controls the scan rate of the line scan camera 24, 
may be transmitted to a conventional volt rteter . The volt rreter 
readings can then be correlated to a conventional rethod presently 
'used to measure tsnperature , e.g., an optical oyrcrreter. 

As FIG. 5 indicates, the voltage 54 (voltage cn the voltage 

30 control oscillator 98) can be correlated to the measured tamoerature 
of a conventional stream temperature sensor. Optionailv, a 
■conventional calibrated analog meter nay be used to displav the ceak 
temperature of the stream 22. 

To determine the rass flew rate of a ml ten stream of 

35 material 22, the number of exposed diodes generating at least a minimum 
voltage, v 2 , is compared using means 66. These diodes are counted 
using the conventional means 70 within the line scan camera- Ass-jnina 
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that the line scan camera Ir&s measured the width or diameter of a 
ccmpletely circular* stream, the rass flew rate may be calculated using 
the expression: 

5 CD. = A X W 2 - B 

-L. 

where 

= mass flew rate 
10 A = an experimental constant 

3 = an experimental constant 

W a * of diodes counted or width of the stream 

A and 3 are constant if and only if the line scan camera 

15 is positioned so that it is exposed to a circular stream several 
furnace cutlet orifice diameters downstream of the initial exit of 
the stream 22, i.e., fron the orifice 20. The system is calibrated 
by determining A and B using the standard ladle method of estimating 
mass flow rates and conventional curve fitting techniques. 

20 Furthermore, the camera rust be fixedly positioned and the image must 
be normalized as described above.. If the camera 24 is moved whereby 
the camera sights or views a different portion of the stream 22, then 
the image of the stream must again be normalized, i.e., the light: 
intensity measured by all exposed photodiodes must be limited to the 

25 predetermined voltage level mentioned above and a new set of constants 
must be derived. 

Table 1, below, indicates the results of a comparison of 
the mass flow rate measurement frcm a line scan camera modified using 
the scan rata control cf the present invention with the "actual flew" 

30 being measured by the Ladle method. As can be seen, the average error 
was about 3 percent . Mich of this error is probably related to timincr 
the ladle under the stream. ■ Typically the ladle was held under the 
stream for 5 to L5 seconds. Another source of error in the comparison 
is that a person ' s timing accuracy is only . 2 seconds . Inaccurate 

35 weighing could also account for another error. In aenerai, the camera 
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FLCW MEASURS4EOT 
TABLE *1 

Reticon Actual Flow - % Error 





1 


180 


172 


- 4.6 




2 


765 


760 


- .6 


5 


3 


760 


774 


+ 1.8 




4 


1010 


984 


- 2.6 




5 


990 


940 


- 5.3 




6 


1000 


1019 


+■ 1.9 




7 


980 


1012 


- 3.2 


10 


a 


295 


305 


+ 3.2 




9 


295 


239 


- 2.0 




10 


280 


291 


+ 3.7 




11 


630 


645 


+ 2.3 




12 


625 . 


604 


- 3.4 


15 


■ 13 


860 


S22 


- 4.6 




14 


840 


799 


- 5.1 




15 


830 


303 


- 3.3 




15 


325 


298 


- 9.0 




17 


890 


887 


- 0.3 


20 


13 


350 


834 


- 1.9 




19 


470 


458 


- 2.6 




20 


580 


583 


+ .5 




21 


920 


912 


- .3 




22 


1080 


1043 


- 3.5 


25 


23 


1080 


1041 


- 3.7 




24 


230 


231 


.3 




25 


330 


332 


-r . 6 




26 


230 


2S6 


+ 2.0 




27 


250 


272 


- 7.4 


30 


23 


260 


262 


+ 0.7 




29 


220 


221 


+ 0.4 




30 


235 


230 


- 2.1 




31 


1405 


1363 


- 3.0 




32 


1370 


1276 


- 7.3 
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33 1475 1405 . - 4.9 

34 1415 1485 - 4.7 

35 1355 1425 + 3.5 

36 1365 1335 + L.4 

37 1410 1343 - 4.9 



37 -1% 
Ave. /E/ = 3.05% 



The stream 22 of a conventional furnace 10 occasionally 
wanders out. of the viewing range of the cairiera 24. T^-iis problem can 
be eliminated by selecting a line scan car-era having a sufficient 

15 nunfcxar of sensors car paotodiodes. Also at times the stream 22 may 
be highly discontinuous caused by extremely high stream temperatures 
or a relatively lew mass flow rate. When the stream is signficantiy 
discontinuous, a 'line scan camera modified according to the present 
invention will tend to indicate a mass flew rata that is lower than 

20 a mass flew rate treasured by the ladle technique. Stream flew rates 
in excess of 400 pounds per hour have been found to be stable and may 
be satis f actor ity measured by the present invention. 

The temperature and mass flow measurements cetainable with 
the present invention are extremely useful. In one case the 

25 temperature and/or mass flow rate could be used to control the energy 
input to the furnace 10 through the lugs 16. Additionally, the mass 
flow rare may be useful for controlling the flow size of the adjustable 
orifice 20. 

The present invention is also useful for determining the 
30 position of the stream 22. As the stream wanders, different 
ohotodicdes in the camera 24 are exposed to the Light intensity of 
the stream 22. Using a convention technique, the position of the 
photodiodes can be correlated to the stream pes i- ion . knowing the 
true location of the stream 22 allows a user of the present invention 
35 to accurately position apparatus located downstream of the furnace 
10- For example, a fiber attenuator (not shewn) capable of fiberizing 
the mat. er i al 12 and loca t ed downs tr e am of th e ruma c e 10 may be 
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accurately positioned directly under the stream 22 allowing rrore 

uniform f iberizaticn . 

The present invention has been p re m ised and the previous 

discussion has presumed that the cross section of the moving mass or 
5 molten stream 22 can be characterized as being circular. While in 

theory this is a fair approximation of what is really happening , a 

closer approximation of the actual molten stream configuration may 

be obtained by utilizing a plurality of line scan cameras rodified 

as in the present invention. These cameras would be appropriately 
10 located around the stream 22 and calibrated, as above. The widt h 

measured by the cameras could then be multiplied together to determine 

the stream area which is related to mass flew rate* 

Obviously, many modifications and variations of the presented 

invention are possible in light of the above teachings • It is 
15 therefore to be understood that within the scope of the appended claims 

the invention may be practiced otherwise than as specifically 

described . 

What is claimed and desired to be secured by Letters Patents 
of the United States is: 

20 
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Claims 

1. A method for estimating flow properties of a moving mass, 
ccmprising : 

arranging a plurality of sensors in a predetermined 

5 array, 

exposing said sensors to energy emanating from said 
mass, each sensor having an output proportional to energy sensed by 
said sensors; 

measuring the output of said sensors at timed 

10 intervals , 

comparing the output of each sensor with a first value, 
varying said time intervals in response to said 
comparison to ensure that the maximum output of any one sensor is 
measured at a magnitude which is substantially equal to said first 
15 value, 

obtaining a count indicative of the number of sensor 
outputs above a second value, and 

generating the magnitude of said flow properties using 
said count and said intervals, 
20 2. The method as in Claim 1, wherein the measuring of said 

sensor outputs is performed sequentially. 

3 • The method as in Claim 2 , wherein the output of said 
sensors is measured successively, 

4. The method as in Claim 1, wherein the time interval 
25 between the initiation of each of said output measurements is varied. 

5. The method as in Claim 1, wherein the time interval 
between the measurement of each sensor is varied. 

6 . The method as in Claim 4 or Claim 5 , wherein -zhe tins 
interval is increased if any sensor output is below said first v^lue. 

30 7 . The rrsthod as in Claim 4 or Claim 5 , wherein the tins 

interval is decreased if any sensor output is above said first value. 

3. An apparatus for determining flow characteristics of 
a moving fluid stream, ccmprising: 

a plurality of sensors arranged in a predetermined 
35 array, said sensors being exposed to said stream and having an output 
proportional to sensed energy emanating frcm said stream: 
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means for measuring the output: of said sensors at timed 

intervals, 

means for comparing the output of each sensor with a 
first value, said comparison means having an output, 
5 means fer varying said time inte rval s in r s sponse to 

said ccnrparision means output to ensure that the maximum output of 
any one sensor is measured at a magnitude which is substantially equal 
to said first value, 

means for obtaining a count indicative of the number 
10 of sensor outputs above a second value, 

means for calculating the magnitude of one of said flew 
properties using said count, and 

means for generating the magnitude of another of said 
flow properties using the output of said varying means . 
15 9« An apparatus as in Claim 8, ccmprising means for 

sequentially measuring the output of each sensor. 

10 • An apparatus as in Claim S , wherein said varying means 
comprises a signal conditioner, an error integrator, an oscillator 
means and a phase correction means. 
20 11- An apparatus as in Claim 10, herein said signal 

conditioner comprises an inverter, said inverter having an input 
connected to said comparing means and an output connected to said error 
integrator . 

12. An apparatus as in Claim 11, wherein said error 
25 integrator comprises a first resistor connected to said inverter 

output, said first resistor feeing connected to said inverter output, 
said first resistor feeing connected to an operational amplifier, the 
inputs of said amplifier feeing connected to a sec^onfL resistor and a 
third resistor, said amplifier having an output, cne of said amplifier 
30 incurs and said amplifier output feeing connected to a first capacitor. 

13. An apparatus as in Claim 12, wherein said amplifier 
output is connected to said another flow property generation means. 

14. An. apparatus as in Claim 13, wherein said another flew 
property generation means comprises a correlation means for relative 
tne output of said amplifier to temperatures representative of the 
energy of said stream. 
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15. An apparatus as in Claim 13, therein said oscillator 
iTeans is connected to said amplifier output. 

16. An apparatus as in Claim 15, wherein said oscillator 
-aans comprises a fourth res is tor connected to said amp Li fier outrut , 

5 said fourth resistor being connected to a fifth resistor, said firth 
resistor * being connected to a voltage controlled oscillator, said 
oscillator being connected to a second capacitor, whereby when said 
amplifier output varies said second capacitor causes the output of 
said oscillator to vary. 

10 17. An apparatus as in Claim 16, wherein said oscillator 

output is connected to said phase correction means. 

13. An apparatus as in Claim 17, wherein said phase 
correction means comprises a plurality of phase correcting inverters, 
each of said correcting inverters having an output. 

15 19 . An apparatus as in Claim 13 , wherein said correctirig 

inverter outputs are connected to said sensor output measuring means. 

20 . An apparatus as in Claim 8 , wherein said one flew 
property calculating means comprises means for ccmparing said sensor 
cutputs with said second value, said second value ccmparing means being 

20 connected to said cne flew property calculation means . 
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